Although the general biochemical properties of certain molecular chaperones are well established, much less is known about how different chaperones interact with nonnative proteins in transient or stable complexes (1) . Within the eukaryotic cytosol, heteromeric complexes containing chaperones and other accessory proteins have been identified, although their function remains uncharacterized. Perhaps the best studied of these complexes are steroid aporeceptors that contain the heat shock proteins Hsp9O and Hsp7O, a Dnaj protein (Hdj-1), p60 (Stil), p48 (HiP), p23, and the immunophilins (FKBP54, FKBP52, or Cyp-40) (2) . The association of the chaperones Hsp90 and Hsp70 with glucocorticoid and progesterone aporeceptors serves to maintain an inert high-affinity hormonebinding state, which is activated by the appropriate hormone signal (3) . The p23 protein, which interacts with Hsp90, is also required for high-affinity hormone binding; in the presence of the benzoquinoid ansamycin geldanamycin, interactions between p23 and Hsp90 are disrupted (4) . Although it has been established that Hsp90, p48, and Hsp7O can function as chaperones or cochaperones (5, 6) and that the immunophilins are peptidylprolyl cis-trans isomerases (7) , the functional properties of the aporeceptor-associated proteins p60 and p23 remain uncertain.
To establish whether Cyp-40, p23, or p60 exhibited properties of molecular chaperones, we purified these proteins to homogeneity and examined their activities in the Fig. IA) . However, in combination with Hsp70, Hdj-1, and nucleotide, -54% of the native 1-Gal activity was recovered (Fig. I B) . The addition of Hsp90, p60, Cyp-40, or p23 neither enhanced nor inhibited the refolding activity of Hsp70 and Hdj-1 (Fig. iB) . As these experiments were performed at a high molar excess (500:1) of Hsp70 and Hdj-1 relative to the unfolded 13-Gal, the effects of p23 , and p60 may not be apparent. Therefore, additional experiments were performed with elevated concentrations of in which we observed a 2.5-fold stimulatory effect of p23 on the refolding of 1-Gal, whereas Hsp9O, p60, and Cyp-40 had no effect (9) .
To determine whether Cyp-40, p23, and p6O exhibited the maintenance activity common to Hsp9O and Hsp7O, we performed order-of-addition experiments in which unfolded 1-Gal was diluted into buffer containing various chaperones at 371C. The ability of p60, or (9) . In contrast to the chaperone activities of Cyp-40 and p23, p60 (at concentrations up to -1000:1 molar excess) did not interact productively with denatured 1-Gal (Fig. 2) . Thus, p60 and Hdj-1 did not exhibit any activity as a ling assay. resulted in a soluble substrate that was relure of the atively resistant to proteolysis. In contrast, 3 and un-1-Gal coincubated with either p23 or p60 e chaper-did not enter the native gel matrix and was )lded sub-sensitive to protease digestion (Fig. 3, A  0, Hsc7O, and B) . These results are consistent with the non-the idea that the denatured 1-Gal, in the yarent col-presence of p23 and p60, aggregates to a premono-high-molecular mass complex that cannot iveness of enter the native gel. To test this hypothesis, O, Hsp7O, we incubated denatured 1-Gal for 2 hours aining the at 37°C in the presence of bovine serum ompetent albumin (BSA), Hsc70, p6Q, Cyp-40, Hdj--ein inter-1, or p23 and clarified the reactions by the dena-centrifugation to separate the insoluble aghaperones gregated protein. Samples from the superimide gel natant and pellet fractions were resolved by id the re-SDS-PAGE, and the 1-Gal was detected by i. The re-protein immunoblot analysis (Fig. 3C) . Nalytic frag-tive 1-Gal was found entirely in the super-)y protein natant, whereas the denatured 1-Gal aggreDilution gated in the presence of BSA, p60, or Hdj-1 example, and was recovered in the pellet. In the presnonnative ence of Hsc70, Cyp-40, or p23, the 1-Gal native gel was detected in the supernatant fraction sistant to (Fig. 3C) , consistent with the partial mainiteraction tenance of the nonnative 1-Gal in a foldo-Gal also ing-competent state ( Fig. 2) (2) . Perhaps p60 serves to organize the molecular chaperones into a functional unit and thereby enhances their combined activities. However, we do not detect p60-dependent synergistic effects on Hsp9O and Hsp7O chaperone activities (9) . Thus, we propose that interactions between a nonnative protein and the molecular chaperones can have at least three distinct fates. Dilution of denatured 13-Gal at permissive temperatures (220 to 41°C) into Hsp7O, Hdj-1, and nucleotide results in Time (min) Fig. 2 . Cyp-40 and p23 can maintain nonnative 1-Gal in a folding-competent nonnative state over an extended period of time at 37°C. Denatured 1-Gal (final concentration, 3.4 nM) was diluted 1 :125 into refolding buffer containing 1.6 p.M p60, Cyp-40(GST), Hdj-1, or p23, and incubated at 37°C. After 2 hours, Hsp70 (1.6 FM) and uM) were added and 13-Gal activity was measured. As a positive control for folding activity, a 1-Gal refolding reaction was initiated at the 2-hour time point by dilution of denatured 13-Gal directly into refolding buffer supplemented with Hsp7O (1.6 p.M) and Hdj-1 (3.2 pM). As controls for chaperone maintenance activity, the denatured 1-Gal (final concentration, 3.4 nM) was diluted into refolding buffer containing 1.6 pIM BSA, or Hsp9O and incubated at 37°C. After 2 hours, Hsp70 (1.6 F.M) and Hdj-1 (3.2 FM) were added and 1-Gal activity was measured at the indicated time points. taining 3.2FM BSA, Hsc70, p60, Cyp-MP5 P Ps P S P s P s P s 40, Hdj-1, or p23; incubated 2 hours at 37°C; and then resolved on native acrylamide gel electrophoresis and protein immunoblot analysis with anti-m-Gal. (B) Protease sensitivity of the denatured 13-Gal was determined by incubation with the protease chymotrypsin, which was added after the 2-hour incubation at 370C. Samples were removed either immediately (0 min) before addition of chymotrypsin or after a 1 0-min incubation with chymotrypsin and resolved on 10% SDS-PAGE, and 1-Gal was detected by protein immunoblot analysis with anti-1-Gal. (C) Separation of the nonnative 13-Gal into soluble and pellet fractions by centrifugation. As a third assay of the folded state of the nonnative 13-Gal, the reactions were separated into soluble or pellet fractions and resolved on 10% SDS-PAGE, and 1-Gal was detected by protein immunoblot analysis with anti-1-Gal.
M, molecular weight marker; P, pellet fraction; and S, supernatant fraction. SCIENCE * VOL. 274 * 6 DECEMBER 1996 ,an IR the recovery of the native enzymatically active tetramer (6) . Alternatively, interaction with the individual chaperones Hsp9O, Hsc7O, Hsp7O, (2) (3) (4) (5) . This N-driven terrestrial eutrophication parallels phosphorus-driven eutrophication in lakes. Increased N deposition may lead to greater C storage in soil organic matter and vegetation, thus providing a sink for CO2 and potentially explaining the globally "missing C" (6) (7, 8) . The youngest field (Field A) was dominated by vegetation with the C3 photosynthetic pathway, primarily nonnative "cool-season" grasses and forbs, whereas the two older fields (Fields B and C) were dominated by native C4 "warm-season" prairie grasses. Because other potentially limiting nutrients were supplied and soil pH was controlled, our study addresses the eutrophication effects of N loading while controlling for acidification and related biogeochemical effects that might also affect natural ecosystems (9, 10) .
Nitrogen loading dramatically changed plant species composition, decreased species diversity, and increased aboveground productivity in these plots (2, 7, 11) . After 12 SCIENCE * VOL. 274 * 6 DECEMBER 1996 
